INTRODUCTION
Survival of 500-to 800-g infants has been reported to have improved progressively from the late 1980s through the early/mid 1990s. 1 -4 The change in survival reflects the obstetric and neonatal management and varies depending on the institution. 5 -8 Whether survival has continued to improve through the late 1990s in terms of neonatal morbidity and/or short-term neurologic/radiographic/ neurosensory outcome is as yet unclear. To this end, we reviewed the medical records of all 500-to 800-g infants born at North Shore University Hospital from 1990 through 1998. Maternal and neonatal data were compared across time to determine whether maternal demographic characteristics, obstetric management and neonatal survival and morbidity changed during these 9 years.
METHODS AND PATIENT POPULATION
One hundred and seventy-four infants were born alive weighing 500 to 800 g at birth between January 1, 1990 and December 31, 1998 at North Shore University Hospital-Manhasset. All infants weighing between 500 and 800 g were included in the study regardless of gestational age (GA) or the presence of congenital abnormalities. Transports were excluded. Elective termination of pregnancy was not performed in this institution when the GA was >20 weeks. Therefore, no infants born of elective termination of pregnancy were included. It was the general policy of this service over the 9 years to intubate and attempt to resuscitate and stabilize all infants who appeared viable. If the mother refused ''heroics'' for an infant 24 weeks' GA or if the infant appeared nonviable, only comfort care was administered. One
OBJECTIVE:
To assess if there have been changes in survival, demographic data, obstetric features, neonatal morbidity, and short -term neurologic / radiographic / neurosensory outcome of 500 -to 800 -g infants born in a tertiary care neonatal center from 1990 through 1998.
STUDY DESIGN:
Records of all 500 -to 800 -g infants born at North Shore University Hospital during 1990 -1998 were reviewed to determine demographic data, survival by weight and gestational age ( GA ), obstetric features, neonatal morbidity, and short -term neurologic / radiographic / neurosensory outcome. Newborn infants were grouped into three triennia: 1990 -1992, 1993 -1995, and 1996 -1998 and compared across time.
RESULTS:
Of the 173 infants admitted to the neonatal intensive care unit, 112 survived. Improved survival was documented: 40% in 1990 -1992, 73% in 1993 -1995, and 81% in 1996 -1998 ( p < 0.0001 ). Improved survival was also noted in each of the three weight cohorts, as well as in infants 26 weeks GA. An increased use of antenatal corticosteroids and increased number of deliveries by cesarean section ( C / S ) were noted across time. The incidence of 0 to 3 Apgar scores at both 1and 5 minutes decreased across time. Necrotizing enterocolitis in survivors and expected short -term neurologic / radiographic / neurosensory outcome improved between 1990 -1992 and 1996 -1998, with a trend toward reduced IVH grade III to IV. The incidence of other neonatal morbidities did not change throughout the time period.
CONCLUSIONS:
The data document that survival rates continued to improve for 500 -to 800 -g infants throughout the 1990s. This was concurrent with an increase in ''low -risk, expected normal'' infants, increased number of deliveries by C / S, decreased incidence of low Apgar scores at both 1 and 5 minutes, and an increased use of antenatal corticosteroids. Original Article
infant died in the delivery room. One hundred and seventy-three infants were admitted to the neonatal intensive care unit (NICU) and included in this study. Maternal records were reviewed to determine maternal age, race, gravida, pregnancy-induced hypertension (PIH), administration of any form of tocolysis and one or more courses of antenatal steroids at least 1 week before delivery, duration of rupture of membranes before delivery, and indication for and mode of delivery. GA assessment was based on the date of mother's last menstrual period, supported by ultrasound and confirmed by physical examination whenever possible. 4 Prolonged rupture of membranes (PROM) was defined as delivery 24 hours after rupture of membranes.
Neonatal records were reviewed to document birth weight, birth order, gender, and Apgar scores at 1 and 5 minutes. Size for GA was estimated by using the Lubchenco weight for GA chart. 9 All postnatal medications (e.g., surfactants, steroids, etc.) were recorded. Surfactant was only given in this institution as a rescue therapy utilizing an a/A ratio 0.21 for the first dose. RDS was diagnosed when an infant had respiratory distress, cyanosis in room air, grunting, and a reticulograndular pattern on chest X-ray with or without reduced lung volume and/or air bronchograms. 10 Pneumothorax (PTX) was diagnosed by the presence of free air in the pleural cavity on chest X-ray. Pulmonary interstitial emphysema (PIE) was diagnosed as the presence of linear and cystic radiolucencies on chest X-ray due to air trapping in the lung interstitium. Bronchopulmonary dysplasia (BPD) was defined as oxygen requirement above 21% at 36 weeks corrected postnatal GA.
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Symptomatic patent ductus arteriosus (PDA) was diagnosed on clinical parameters and confirmed by echocardiogram. Necrotizing enterocolitis (NEC) was defined by stage as per Bell et al. 12 Sepsis was defined as the presence of positive blood, urine, or cerebrospinal fluid cultures. All infants had cranial ultrasound evaluation within the first week after birth. Follow-up ultrasound examinations were obtained weekly if intraventricular hemorrhage (IVH) was present and biweekly for 2 weeks if the first ultrasound was negative. Grades of IVH were defined as per Papile et al. 13, 14 Shortly before discharge at approximately 35 to 36 weeks GA, all infants were examined by a board-certified pediatric neurologist to determine if they had an abnormal neurologic examination (ABN) and all infants had a CAT/MRI before discharge. The examination was considered abnormal if the infant had hypo/hypertonia, abnormal activity, abnormal reflexes, poor head control, poor suck and swallow, and/ or an abnormal EEG. A single neurologist who was in institution through the 9-year time period performed or supervised the examinations. Cystic periventricular leukomalacia (PVL) was defined as the presence of diffuse bilateral multiple cysts greater than 3 mm in diameter in the periventricular area. 15, 16 Ventriculomegaly (VM) was defined as per Whitaker et al. 17 All infants were examined by an experienced pediatric ophthalmologist starting at 4 to 6 weeks after birth. Follow-up ophthalmologic examinations were obtained throughout the hospital stay and after discharge until mature vasculature was observed. Retinopathy of prematurity (ROP) was defined by stage as per the International Committee for the Classification of ROP. 18 The final diagnosis used for ROP was the highest stage observed in either eye. All infants were screened for hearing ability before discharge utilizing a screening ABR test. In the event of a failed uni-or bilateral hearing screen, a follow-up ABR/BAER/auditory diagnostic evaluation was obtained until the examination was passed or a permanent defect was determined.
Short-term neurologic/radiographic/neurosensory outcome at time of discharge was defined as ''low-risk, expected normal'' when review of the infant's chart did not reveal: (1) IVH grades III to IV, VM, and/or PVL on any cranial sonogram, CAT scan, or MRI; (2) a hearing deficit; (3) grade III ROP requiring laser/cryosurgery (ROP-RX); and/or (4) an abnormal neurologic examination. 19, 20 If any of these abnormalities were noted, the infant was considered to be in the outcome category of ''high-risk, possible abnormal.'' Length of hospital stay was defined as the number of days from date of birth to date of discharge from the NICU. ''Home on support'' was defined as discharged from the NICU to home on any supportive equipment, oxygen, or medications (excluding vitamins and iron).
Infants were grouped into three triennia by year of birth (1990-1992, 1993-1995, and 1996-1998) . Infants were also divided into three 100-g weight cohorts and four GA groups to report survival rates. Data were analyzed by chi-square or ANOVA (Sigmastat 1 , SPSS, Chicago, IL). Trend analysis was determined by a variation of Wilcoxon test. 21 
RESULTS

Maternal Data
Between January 1, 1990 and December 31, 1998, 173 infants born to 157 women were admitted to the NICU; 112 infants survived to discharge. Demographic and obstetric data are presented in Table 1 . Prenatal care was received by 153 women (98%). Delivery by cesarean section (C/S) occurred in 97 pregnancies (62%), with 34 (35%) performed as emergency C/S. There were increased C/S deliveries for fetuses from multiple pregnancies, 42/58 (72%), compared to C/S deliveries for fetuses from single pregnancies, 55/115 (48%), p=0.004. When the various demographic/obstetric parameters were compared across time (1990-1992, 1993-1995, 1996-1998) there were no statistical differences in race, maternal age, prenatal care, mother with three or more previous losses, PIH, or tocolysis in the three time cohorts. However, the proportion in the use of antenatal steroids and C/S delivery increased between 1990-1992 and 1996-1998.
Neonatal Data
Description of the newborn/resuscitation. There were 173 infants born to 157 mothers and admitted to the NICU over the 9-year period (1990-1998). All were included in the study. Of the
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Outcome of 500-to 800-g Infants 173 infants, 76 (44%) were male, 97 (56%) female. Of the group 94 (55%) were white, 49 (28) black, and 30 (17%) either Asian, Hispanic, or American Indian (Table 2) . Over the 9-year period, resuscitation in the delivery room was attempted for all live-born infants when the infant was considered viable. All but seven were intubated. For the 112 infants who survived, all were intubated except 3; these 3 were not intubated but treated with nasal CPAP in the NICU. For the 61 infants who died, all were intubated except 4; one mother refused intubation/resuscitation for her 23 weeks' GA infant stating she ''didn't want heroics.'' Three other infants, respectively 21, 22, and 23 weeks' GA, were not intubated because it was felt they were not viable. These 4 infants were given comfort care only.
Birth weight. The 173 infants were divided into three groups by 100-g increments, i.e., 500 to 599, 600 to 699, and 700 to 800 g. There were 39 infants (23%) between 500 and 599 g, 56 infants (32%) between 600 and 699 g, and 78 infants (45%) between 700 and 800 g.
GESTATIONAL AGE
GA of the 173 infants ranged from 21 to 32 weeks. There were 72 infants (42%) 24 weeks' GA; 1 was 21 weeks, 3 were 22 weeks, 29 were 23 weeks, and 39 were 24 weeks. There were 49 infants (28%) 25 to 26 weeks, 31 infants (18%) 27 to 28 weeks, and 21 infants (12%) >28 weeks GA. Therefore, 70% of the group was 26 weeks' GA. There were no changes in gender, birth weight distribution, or average birth weight over the three triennia of the study (Table 2) . There was a decline in the proportion of infants born 24 weeks' GA during 1993-1995 period compared to 1990-1992, although the proportion of those born at that developmental stage increased again in the 1996-1998 triennium. The reverse picture was seen in the 27 to 28 weeks' GA cohorts, with an increase in the 1993-1995 period, compared to the other two triennia. There were no changes noted in average GA, small for GA, or multiple births across time.
MULTIPLE BIRTHS
There were 58 infants who were part of a twin, triplet, or quadruplet group. There were 13 sets of twins (26 infants) and 20 infants who were part of a set of twins. There was one full set of triplets and 5 infants who were part of triplet sets. There were no complete sets of quadruplets but 4 infants were part of quadruplet sets. The incidence of multiple births did not change across time.
APGAR SCORES
Apgar scores were recorded at 1 and 5 minutes for all infants. Apgar scores 0 to 3 at 1 minute were reduced in the 1993-1995 and 1996-1998 periods, compared to 1990-1992. The proportion of 0 to 3 Apgar scores at 5 minutes progressively declined over the 9-year period. At 1 minute, 54 infants (31%) had 0 to 3 Apgar scores, 96 infants (55%) had 4 to 7 Apgar scores, and 23 infants (14%) had 8 to 10 Apgar scores. At 5 minutes, 13 infants (8%) had 0 to 3 Apgar scores, 83 infants (48%) had 4 to 7 Apgar scores, and 77 infants (44%) had 8 to 10 Apgar scores. Thirty-four of the 54 infants (63%) with 0 to 3 Apgar scores at 1 minute died. The proportion of infants with 0 to 3 Apgar scores at 1 minute who died decreased from 70% to 63% to 50% in the successive triennia; however, the differences were not statistically significant. Twelve of the 54 infants who had 0 to 3 Apgar scores at 1 minute also had 0 to 3 Apgar scores at 5 minutes: 11 of these 12 infants (92%) died. For the 173 infants, the survival rate improved with higher Apgar scores at both 1 and 5 minutes. For the group as a whole, the average Apgar scores were higher at 1 minute when delivery was by C/S compared to vaginal delivery ( p<0.0001).
MORTALITY/MORBIDITY
Of the 173 infants born alive, 61 died (35%). Death occurred in the first 24 hours after birth in 28/61 infants (46%). This figure includes those infants admitted only for comfort care. An additional 21 (34%) died within 72 hours after birth. In total, 49/61 (80%) died by 3 days of age. Of the 61 infants who died, 36 (59%) received surfactant.
Of the 173 infants admitted to the NICU, 112 infants (65%) survived. Survival rates improved for the group as a whole from 40% in 1990-1992, to 73% in 1993-1995 and to 81% in 1996-1998 ( p<0.0001) (Figure 1) . Improved survival over time was also noted in each of the three 100-g weight cohorts, as well as in infants 24 weeks and between 25 and 26 weeks' GA (Table 3) . Of the 112 survivors, 38 (34%) were male and 74 (66%) female. Female infants had a better survival rate than males ( p=0.0006). White infants accounted for 58 (52%) of the survivors, black 32 (29%), and the Asian, Hispanic, or American Indian group 22 (19%). Survival rate for white infants (62%) did not differ from black infants (65%). Survival rates for infants born by C/S (80/105) were significantly greater (76%) compared to infants (32/68: 47%) born by the vaginal mode of delivery ( p= <0.001).
Of 112 surviving infants discharged home, 106 had RDS and required ventilator support. Rescue surfactant therapy was given to 53 infants (47%), and 29 infants (26%) received a second dose of surfactant. Prophylactic surfactant was not used in this institution. Pneumothorax developed in 11 infants (10%) and 9 infants required chest tube placement. PIE developed in 20 infants (18%). Oxygen (at >21%) was required by 73 infants (65%) for 28 days. Fourteen infants (12%) required oxygen (at >21%) at 36 weeks corrected postnatal age and were therefore diagnosed as having BPD. The use of postnatal steroids, surfactant, incidence of PTX, chest tubes placement, PIE, and BPD did not change across time. Of the 14 infants with BPD, none required a tracheostomy and none were discharged home on ventilatory support. Two infants were discharged home on oxygen. One hundred and six infants received ventilatory support for a range of 1 to 120 days with a mean of 39 days. There was a decreasing trend for the average time spent on a ventilator by the 600-to 700-g AGA infants from 58±13 days (mean±SD) in 1990-1992 to 47±17 days in 1993-1995 and to 43±18 days in 1996-1998 ( p=0.0498). A similar trend was noted for 700 to 800 g Figure 1 . Number of infants who survived or died in the triennia 1990 -1992, 1993 -1995, and 1996 -1998. As indicated in the figure, the trend was very significant. Data were analyzed by a modified Wilcoxon test. 21 Harper et al.
Outcome of 500-to 800-g Infants AGA infants from 44±18 to 47±11 to 36±16 days, respectively ( p=0.028).
The proportion of surviving infants with NEC at all stages declined with time ( p=0.006). Fifteen of 112 (13%) infants were diagnosed as having stage I to III NEC with stage I being 13 of 112 (12%). Surgery (stage III) was required for 2 of 112. The incidence of symptomatic PDA, proven sepsis, and ROPRx did not change across time (Table 4) .
IVH was diagnosed in 48 surviving infants (43%) with 35 (31%) having IVH grade I to II and 13 (12%) having grade III to IV. Although the total incidence of IVH remained the same across time, there was a trend for IVH grade III to IV to decline across time ( p=0.037) ( Table 4) . PVL was noted in 9 infants (8%). VM was diagnosed in 14 surviving infants (12%) by CAT or MRI. The incidence of PVL and VM did not change across time. At the time of discharge, 14 infants (13%) had one or more abnormal neurologic findings: 6 infants had abnormal tone, 3 abnormal tone plus head lag, 1 head lag, 2 poor suck and swallow, 1 seizure activity, and 1 abnormal EEG plus abnormal tone. The incidence of ABN decreased across time ( p=0.0012) ( Table 4) .
ROP was diagnosed in 83 of the 112 survivors (74%); 62 infants (55%) had ROP grade I to II, and 21 infants (19%) had ROP grade III. There were 17 infants (15%) who required cryo-or laser surgery. The incidence of ROP and the need for surgical intervention did not change across time. Of those 73 infants who required supplement oxygen at 28 days, 56 of 73 (77%) had ROP compared to those who were on room air by 28 days, where only 17 of 39 (43%) had ROP ( p=0.0005). Table 4 Morbidity of Surviving 500 -to 800 -g Infants ( n = 112 ) On first examination, 18 of 112 infants (16%) did not pass the hearing screening test, 10 uni-and the rest bilaterally. However, on follow-up examination, 11 of 18 infants passed the hearing test bilaterally. Therefore, 7 infants (6%) of the total group were presumed to have some hearing deficit.
Neurologic, Radiographic, Neurosensory Outcome Due to one or more neurologic abnormalities (IVH III to IV, VM, PVL, ROP-Rx, HD, ABN) 45 of 112 infants (40%) were considered to be ''high-risk, possible abnormal.'' There were 26 infants with only one abnormal finding, 11 infants with two abnormal findings, 6 infants with three abnormal findings, and 2 infants with four abnormal findings (Figure 2 ). With the absence of the above neurologic/ radiographic/neurosensory criteria, short-term outcome was considered ''low-risk, expected normal'' in 67 of 112 infants (60%) at time of discharge from the NICU. The incidence of ''low-risk, expected normal'' infants increased across time ( p=0.0232) ( Table 4) .
Length of hospital stay did not change over time in the group as a whole, in all three 100-g cohorts or in infants considered by GA. Two infants were discharged home on oxygen >21% and there were no infants who were discharged home on respiratory support equipment (ventilators) or with a tracheostomy.
DISCUSSION
This study documents and temporally extends the continuing increase in survival rates for 500-to 800-g infants from the early/ mid to the late 1990s. For the group as a whole, 65% survived with a progressive increase in survival across time. Increased survival occurred from 40% in 1990-1992, to 73% in 1993-1995 to 81% in 1996-1998. Significantly improved survival was noted in all three 100-g cohorts as well as in infants 26 weeks' GA across time. Clearly, the improved survival noted in the early 1990s 1 -4 has been extended to the later part of the decade. Of note, survival rates for white infants in this study did not differ from black infants. Equally of note, this improved survival took place in infants weighing 500 to 800 g born to a group of older women, >50% of whom had lost three or more previous infants.
Of the 112 infants who survived, 67 infants (60%) were considered ''low-risk, expected normal'' and 45 infants (40%) were considered ''high-risk, possible abnormal'' based on abnormalities noted on either sonogram, CAT scan, MRI, and/or ROP status, hearing evaluation, or neurologic status at the time of discharge. Reassuringly, the number of infants in the ''low-risk, expected normal'' category increased over time (46% to 48% to 73%). Further understanding of how immature infants adapt to their premature extrauterine existence and what factors affect cardiovascular and neurologic stability and growth and development may further improve these infants' outcome.
An increased use of C/S as the mode of delivery was noted in 1996-1998 versus 1990-1992. In total, increased survival occurred in infants born by C/S compared to those delivered vaginally; C/S occurred in 97 pregnancies (62%), with 34 (35%) performed as emergency C/S. This extremely high and rising C/S rate supports the speculation that there is increasing obstetrical interest in, and advocacy for, these tiny infants. Further research needs to be done to determine if delivery by C/S is a superior method of delivery when compared to delivery by the vaginal route for these tiny infants.
The reduced incidence across time of infants with 0 to 3 Apgar scores at both 1 and 5 minutes has not been documented previously and support the speculation that these tiny infants were delivered in a more stable condition over time. More aggressive delivery room resuscitation could also explain this observation. The reasons for the reduced incidence of low Apgar scores need to be prospectively studied.
Antenatal corticosteroids have been shown to reduce the incidence of NEC and IVH grade III to IV. 22, 23 NEC was reduced in this present study and there was a trend for a decline in IVH grade III to IV. Obstetric intervention may produce more stable infants and lead to a lower incidence of neurologic complications. We concur with Bottoms et al. 6 that obstetric management significantly influences the outcome of extremely low birth weight infants. Obstetricians need to be aware that their decisions may greatly effect these fragile infants.
This study did not document an increased use of surfactant over the 1990s because in the early 1990s this institution was already extensively utilizing surfactant (Infasurf 1 ). Although over time there was not a statistically significant reduction in the incidence of infants requiring oxygen >21% at 36 weeks corrected postnatal age (BPD), the incidence of BPD was consistently lower (21%, 10%, and 11%) in our institution from 1990 through 1998 when compared to previous reports in the literature for 500-to 800-g infants, 20,24 -27 during the same time period as was the incidence of infants discharged home on oxygen. 28 We attribute this low incidence of BPD and infants requiring oxygen therapy at home to early extubation, liberal allowance of higher PCO 2 s, and the use of nasal IMV post extubation for respiratory support before the use of CPAP and/or the reinstatement of ventilatory support.
In summary, the data presented here support and extends to the latter part of the decade the steady increase in survival of 500-to 800-g infants noted in the early/mid 1990s. Reassuringly, the number of infants in the ''low-risk, expected normal'' category increased over time without an increase in other morbid conditions. Increased use of antenatal corticosteroids and C/S occurred in the later part of the decade. The cardiovascular status of infants in the delivery room improved with a decreased incidence of 0 to 3 Apgar scores at 1 and 5 minutes. Further research into methods to improve the cardiovascular and neurologic stability of these extremely low birth weight infants is warranted so that growth and development can proceed without impediment.
